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Japanese Patent Application Laid-Open No. 6-319500 

(54) [Title of the Invention] ANTIBACTERIAL PARTICLE 

(57) [Abstract] 

[Configuration] Antibacterial particle 7 obtained by making particle by granulation by 
mixing aqueous antibacterial metal salt ion 2 into a slurry containing amorphous calcium 
phosphate particle 1. 

[Effect] Since the antibacterial particle 7 has a high antibacterial activity, the mixture 
property to the resin molded product or the like, and it is colorless, it can be suitably used 
for plate tray and the like for food such as fresh food. 

[Scope of Claims] 

[Claim 1] Antibacterial particle, wherein it is granulated by mixing an 

antibacterial metal ion in a slurry containing an amorphous calcium phosphate particle. 
[Description of the Invention] 
[0001] 

[Industrial Applicability] The present invention relates to an antibacterial particle used 

for keeping the freshness of food such as fresh food and the like. 

[0002] 

[Prior art] Conventionally, the strong antibacterial property and the heat resistance 

of meal and its metal salt of silver and the like that has the antiseptic property have been 
noted, as described in Japanese Patent Application Laid-Open No. 5-154, an antibacterial 
composition in which an antibacterial silver compound is absorbed and carried by an 
inorganic carrier which is physiologically inactive or an antibacterial zeolite composition 
in which an antibacterial metal ion is carried by zeolite by performing an ion exchange for 
the purpose of obtaining a molded matter safely having the antibacterial property for a 
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long time by mixing the above-described metal and its meal salt in a synthesized resin and 
the like and molding it are known. 

[0003] Moreover, as an antibacterial composition, as disclosed in Japanese Published 
Examined Patent Application No. 4-28646, an antibacterial composition in which the 
above-described metal and its metal ion are carried by an inorganic carrier, for example, 
zeolite by means of absorbing or performing the ion exchange is known. 
[0004] As a similar antibacterial composition, an antibacterial composition in which 
iodeform, chlorhexidine and the like have been mixed as an antibacterial composition in 
tricalcium phosphate, tetracalcium phosphate and octacalcium phosphate has been 
disclosed in Japanese Patent Application Laid-Open No. 62-19508, Japanese Patent 
Application Laid-Open No. 4-29907. 

[0005] Furthermore, in recent years, an antibacterial composition in which an 
antibacterial metal and its metal ion are carried by hydroxyapatite [chemical formula: 
Ca 10 (PO 4 )6(OH) 2 ] most frequently used as calcium phosphate based compound, has been 
disclosed in Japanese Patent Application Laid-Open No. 2-180270, Japanese Patent 
Application Laid-Open No. 2-273165, Japanese Patent Application Laid-Open No. 3-47118, 
Japanese Patent Application Laid-Open No. 3-137298, Japanese Patent Application 
Laid-Open No. 3-218765, Japanese Patent Application Laid-Open No. 4-13605, and 
Japanese Patent Application Laid-Open No. 5-514. 

[0006] As for an antibacterial composition disclosed in the above-described patent 
document, after an antibacterial metal and its metal ion have been absorbed and carried 
by hydroxyapatite the antibacterial metal and its metal ion are bound to hydroxyapatite. 
Moreover, in Japanese Patent Application Laid-Open No. 3-90007, and Japanese Patent 
Application Laid-Open No. 3-271209, antibacterial metal ion is absorbed in a 
hydroxyapatite slurry. 
[0007] 

[Problem to be solved by the Invention] However, the above-described conventional 



2 



antibacterial zeolite and antibacterial tricalcium phosphate, tetracalcium phosphate, 
octacalcium phosphate have a problem that in the case where a synthetic resin is melted 
and kneaded, a stable antibacterial property is not obtained. 

[0008] On the other hand, as for hydroxyapatite in which an antibacterial metal and its 
metal ion are absorbed and carried, it has a problem that when it is used in water, or when 
it is in contact with a substance having a large amount of water content, the antibacterial 
metal is eluted and the antibacterial property becomes inferior, and when the solar light or 
the light of fluorescent tube irradiates, it turns brown or the like as well. 
[0009] Moreover, when the apatite complex particle obtained as described above is 
treated at a high temperature, elution of the antibacterial metal can be prevented; however, 
the antibacterial force is lowered, and particularly, in an antibacterial metal such as silver 
and the like whose antibacterial force with respect to Staphylococcus aureus or the like, 
there is a problem that the antibacterial effect is not sufficient. 
[0010] 

[Means for Solving the Problem] For the purpose of solving the above-described 
problems, an antibacterial particle of the present invention is characterized in that an 
antibacterial metal ion has been mixed in a slurry containing an amorphous calcium 
phosphate particle and has been granulized. 

[0011] As for a slurry containing the above-described amorphous calcium phosphate 
(hereinafter, abbreviated as ACP), after an aqueous macromolecular dispersing agent, for 
example, 0.1 - 10% by weight of ammonium triacrylate is added, and preferably 0.1-3% 
by weight of it is added to calcium hydroxide suspension under the agitating condition and 
the mixture solution is obtained, the slurry containing an ACP fine particle having the 
particle size of about 0.1 \im or less is obtained by adjusting the above-described mixture 
solution under the agitating condition in the range from pHIO to pH5 by dropping 
phosphoric acid aqueous solution. 

[0012] An antibacterial particle is obtained by granulizing the mixture in which an 
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antibacterial metal powder, antibacterial metal compound or their aqueous solutions have 
been mixed in this slurry by a spraying and drying granulation method so that their 
content is 50% by weight or less. 

[0013] As for the above-described ACP fine particle, it has been admitted that it is 
calcium phosphate [Ca3(P0 4 )2-nH 2 0] from its pattern by a powder X-ray analyzing 
method and it is an amorphous calcium phosphate since its pattern is broad. Moreover, 
the above-described ACP fine particle is thought that it is an electrostatically active 
substance since it contains crystal water, and it is estimated that a variety of bacteria and 
viruses are easily absorbed by it. 

[0014] Moreover, since the obtained antibacterial particle has a large specific surface 
area, it is desired that the particle diameter of the APC fine particle of the slurry is 0.1 |im 
or less, and the particle size of the antibacterial metal powder and antibacterial metal 
compound powder which are to be added is 20 |im or less. Moreover, it is desired that the 
slurry and an antibacterial metal powder, antibacterial metal compound powder or 
antibacterial metal aqueous solution which are to be added are mixed at room 
temperature. 

[0015] On the other hand, in the case where the ACP fine particle is 90% by weight or 
more, since the viscosity of a slurry becomes high, it is not suitable for granulizing it. It 
should be noted that an antibacterial particle having a desired average particle diameter 
can be obtained by changing the content of the ACP fine particle in the slurry in the range 
from 1 to 90% by weight. 

[0016] Moreover, as a granulating method, if the obtained particle whose particle 
diameter size is 200 \xm or less, is porous, and in an approximately spherical shape, and 
the specific surface area can be made 10m 2 /g or more, it is not particularly limited; 
however, for example, it can utilize a spraying and drying granulation method, and besides 
that, a granulating method in which it is ground after it is freeze-dried or a high speed 
agitation type granulating method may be used. 
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[0017] As an antibacterial metal, one type of metal selected from gold, silver, zinc, 
copper, tin, lead, arsenic, platinum, iron, antimony, nickel, aluminum, barium, cadmium 
or manganese, or their mixture or their metal compound and their aqueous solutions can 
be used. 
[0018] 

[Examples] Examples of the present invention will be explained with reference to 
Figs. 1 and 2 as follows. First, a method of preparing a slurry containing an amorphous 
calcium phosphate (hereinafter, abbreviated as ACP) particle will be explained. First, 
after the mixture solution was obtained by adding 0.5% by weight of ammonium 
triacrylate as an aqueous macromolecular dispersing agent to calcium hydroxide 
suspension under the agitating condition, a slurry containing an ACP fine particle having 
the particle diameter of about 0.1 jim or less was obtained by adjusting its pH to pHIO by 
dropping phosphoric acid aqueous solution in the above-described mixture under the 
agitating condition. 

[0019] [Example 1] An ACP slurry prepared such that the concentration of ACP is 

20% by weight by diluting the above-described slurry with an ion-exchanged water was 
obtained. An anhydrous silver nitrate powder which has been dissolved in the 
ion-exchanged water was mixed in the ACP slurry so that it becomes 10 mol%, and the 
mixed slurry was obtained by agitating for one hour by an agitating motor. 
[0020] As shown in Fig. 1, the above-described mixed slurry 3 containing an ACP 
particle 1 and a silver ion 2 was supplied to a spraying dryer (L-8 manufactured by 
Ohkawara Kakohki Co., Ltd.) 5 by a metering pump 4. An atomizer 6 of the spraying 
dryer 5 was rotated in a high rate, and then it was granulized and dried by a spraying 
granulizing method by spraying the above-described mixed slurry 3 in the heated air flow 
for drying within the spraying dryer 5. 

[0021] A complex particle 7 in an approximately spherical shape which is an ACP fine 
powder body containing silver ion obtained by granulizing and drying was collected by a 
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cyclone 8. At that time, the super fine powder which had not been collected by the 
cyclone 8 was separately collected by a bug filter (not shown). 

[0022] It should be noted that the operation conditions in the above-described spraying 
drying granulation was as follows. The supplied amount of the mixed slurry 3 as a raw 
material by the metering pump 4 was in the range from 1 to 3 kg/hr, and concerning the 
temperature of heated air which was heated by an electric heater 10 via an air filter 9, the 
inlet temperature of a heating gas room 11 was controlled in the range from 200 to 250°C, 
and the outlet temperature in a discharge orifice 12 communicating to the cyclone 8 was 
controlled such that it exceeded 100°C at all times, and the number of revolutions of the 
atomizer 6 was set in the range from 10000 to 37000 rpm. 

[0023] Moreover, when the complex particle was prepared in a similar manner to the 
above-described conditions except that the amount of supplying the slurry was made 100 
kg/hr using two types of spraying dryers which had been scaled up the above-described 
spraying dryer 5 (FOC-20, OD-25Q FOC-25, OC-25 manufactured by Ohkawara 
Kakohki Co., Ltd.), a complex particle similar to the complex particle 7 by the 
above-described spraying dryer 5 was obtained. The complex particle 7 obtained in this 
way was in a spherical shape. 

[0024] [Example 2] The complex particle 7 in a spherical shape was obtained by 

operations under the same conditions to the above-described Example 1 except that the 

mixture ratio of silver nitrate was made 5 mol % instead of 10 mol%. 

[0025] [Example 3] The complex particle 7 in a spherical shape was obtained by 

operations under the same conditions to the above-described Example 1 except that the 

mixture ratio of silver nitrate was made 2 mol% instead of 10 mol%. 

[0026] [Example 4] The complex particle 7 in a spherical shape was obtained by 

operations under the same conditions to the above-described Example 1 except that the 

mixture ratio of silver nitrate was made 1 mol % instead of 10 mol%. 

[0027] [Example 5] The complex particle 7 in a spherical shape was obtained by 
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operations under the same conditions to the above-described Example 1 except that the 
mixture ratio of silver nitrate was made 0.5 mol% instead of 10 mol%. 
[0028] [Example 6] The complex particle 7 in a spherical shape was obtained by 

operations under the same conditions to the above-described Example 1 except that the 
mixture ratio of silver nitrate was made 0.3 mol% instead of 10 mol%. 
[0029] When the formation phases of the above-described respective complex particles 
7obtained in the above-described respective Examples were examined by a powder X-ray 
analyzing method, as shown in Fig. 2, the obtained complex particle 7 was identified as a 
complex of calcium phosphate [Ca 3 (P0 4 )2-nH 2 0] and silver, and since the above-described 
X-ray analyzed pattern is broad, it was understood that calcium phosphate is amorphous. 
Moreover, it was identified that the above-described complex particle 7 had charged silver 
ion within calcium phosphate, and it forms both of the above-described ones in a solid 
soluble state. Specifically, it is estimated that silver ion had been charged within the fine 
crystal of the above-described calcium phosphate, at the position of calcium ion or the like. 
[0030] It is considered that it becomes a porous and in a spherical shape since the 
respective complex particles 7 of the above-described respective Examples was granulized 
using the ACP particle 1 by a spraying granulation. 

[0031] Next, the specific surface areas of the obtained above-described respective 
complex particles 7 were measured. Their specific surface areas were measured using a 
specific surface area meter (Flowsorb 2300, manufactured by Shimadzu Corporation). 
As a Comparative Example, an apatite complex particle (product which is available in the 
market, specific surface area 2.31 m 2 /g) was used. Their results are indicated in Table 1. 
[0032] 
[Table 1] 



Sample 


Specific surface area (m 2 /g) 1 


Example 1 


80.5 



Example 2 


79.9 


Example 3 


80.1 


Example 4 


80.3 


Example 5 


79.8 


Example 6 


82.7 


Comparative Example 


231 



[0033] As clearly understood from Table 1, concerning with the respective complex 
particles 7 obtained in the above-described respective Examples, any one of the specific 
surface areas was 79 m 2 /g or more, and it was indicated that these are extremely larger 
than that of the apatite complex particle which is a product available in the market. 
[0034] Next, the antibacterial forces of the respective complex particles 7 obtained in the 
above-described Examples 3, 4 and 5 were measured. As a Comparative Example, the 
above-described apatite complex particle (product which is available in the market) was 
used. 

[0035] Method of Testing 

1. Preparation of bacterial liquid 

The test bacteria cultured at 37°C for 18 hours in an agar medium was flew on phosphoric 
acid buffer (1/15 M, pH 7.2), and stock solution which is suspension having the 
concentration of 10 8 cells/ml was adjusted and the stock solution was used by 
appropriately diluting the stock solution. 
[0036] 2. Antibacterial test (shake flask method) 

With the respective complex particle 7 as sample, 0.1 g of the respective ones was weighted, 
it was input in 200 ml Elrenmeyer flask in which 100 ml of the above-described 
phosphoric acid buffer had been put, and after the test bacterial suspension was added to 
this such that its concentration becomes about 10 s cells/ml, the Erlenmeyer flask was 
shaken while the temperature was maintained at 25°C ± 5°C, and the number of bacteria 



8 



within the above-described Erlenmeyer flask was measured over time. The used 

bacterial strains are as follows. 

[0037] 

Used bacterial strains 
Escherichia coli IFO-12734 
Staphylococcus aureus IFO-12732 
Psedomonas aeruginosa IFO-12689 
Candida albicans IFO-1060 
Used media 

Bacteria: Mueller Hinton 2 (BBL) 

Fungus: poteto dexitrose agar medium (Eiken) 

The above-described measurement results are indicated in Tables 2-5. 

[0038] 

[Table 2] 

The tested Bacteria: Escherichia coli, the number of bacteria at the initiation: 5.7 x 10 5 
cells/ml 



Sample 


The change in the number of bacteria over time (viable cell count 
per 1ml) 




6hr 


24 hr 


48 hr 


Example 3 


0 


0 


0 


Example 4 


0 


0 


0 


Example 5 


0 


0 


0 


Comparative 
Example 


0 


0 


0 



[0039] 



9 



[Table 3] 

The tested Bacteria: Staphylococcus aureus, the number of bacteria at the initiation: 6.3 x 
10 s cells/m 



Sample 


The change in the number of bacteria over time (viable cell count 
per 1ml) 




6hr 


24 hr 


48 hr 


Example 3 


0 


0 


0 


Example 4 


0 


0 


0 


Example 5 


0 


0 


0 


Comparative 
Example 


4.3 x 10 2 


0 


0 



[0040] 
[Table 4] 

The tested Bacteria:Pseudomonas aeruginosa, the number of bacteria at the initiation: 7.2 
x 10 s cells/ml 



Sample 


The change in the number of bacteria (viable cell count per 1ml) 




6hr 


24 hr 


48 hr 


Example 3 


0 


0 


0 


Example 4 


0 


0 


0 


Example 5 


0 


0 


0 


Comparative 
Example 


0 


0 


0 



[0041] 
[Table 5] 

The tested Bacteria: Candida albicans, the number of bacteria at the initiation: 6.8 x 10 s 



10 



cells/ml 



Sample 


The change in the number of bacteria (viable cell count per 1ml) 




6hr 


24 hr 


48 hr 


Example 3 


0 


0 


0 


Example 4 


0 


0 


0 


Example 5 


0 


0 


0 


Comparative 
Example 


0 


0 


0 



[0042] As can be known, it was indicated that the complex particle 7 of the 
above-described Examples has a higher antibacterial effect than the above-described 
apatite complex particle which is available in the market as the conventional antibacterial 
particle. It is estimated, this is because the specific surface area being in contact with the 
bacteria is large that since the complex particles of the above-described respective 
Examples are porous, and because the ACP which has been used as a base material has a 
high bacteria absorbing capability (see Evening Edition of Asahi Shimbun, dated January 
16, 1993). 

[0043] Moreover, since these complex particle 7 is in an spherical shape, in the case 
where these are blended into a resin molded product or the like such as a foamed plastic 
tray and the like on which the fresh food is mounted, these are easily and uniformly 
dispersed, and the mixture property with respect to the resin molded product can be 
enhanced than the conventional ones. 

[0044] Next, it is estimated that the above-described respective complex particle 7 is 
used for the above-described tray which is white color such as a foamed plastic tray or the 
like on which the fresh food is mounted by blending it into a plastic sheet. Accordingly, 
there is a risk that in the case where the blended complex particle 7 is a colored one, the 
user mistakenly admits a rubbish or stain is attached on the above-described tray. 
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Therefore, the color difference measurement of the above-described respective complex 
particle 7 was carried out. 

[0045] The respective complex particles 7 obtained in the above-described respective 
Examples 3-6 were treated as samples, and for the purpose of comparison, the standard 
plate having the white color surface in accordance with JISK 7105 and the 
above-described samples were measured by a color difference meter of an integrated 
sphere method (ND-100P, manufactured by Nippon Denshoku Industries, Co., Ltd.), and 
the results are indicated in Table 6. 
[0046] 
[Table 6] 





standard 


Example 3 


Example 4 


Example 5 


Example 6 




plate 










whiteness 












degree 












tristimulus 












value X 


82.6 


88.2 


86.3 


85.1 


86.3 


Y 


81.2 


86.2 


84.4 


83.2 


84.5 


Z 


92.5 


105 


102 


100 


102 


Whiteness 












W 


78.4 


88.7 


86.2 


85.0 


86.3 


WB 


90.3 


93.9 


92.9 


92.2 


92.9 


Yellowness 


7.0 


-1.6 


0.1 


0.2 


0.2 



[0047] As clearly indicated in Table 6, it was understood that all of the samples are 
whiter than the standard white surface. Owing to this fact, the mixing property with 
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respect to the resin molded product can be enhanced by the above-described complex 
particle 7, and it can be easily kneaded at the time when a plastic container or the like 
available in the market is manufactured since it is colorless as well, or even in the case 
where it is easily mixed and molded in a plastic sheet, the risk that it is mistakenly 
admitted as a stain or the like can be prevented. 

[0048] Hence, the above-described complex particle 7 can be exposed on the interior 
surface of the container by mixing it with a resin raw material and molding it into a plastic 
container, and since it can be coated on the surface of a plastic container like lamipack or 
the like, the growth of saprophytic bacteria in food mounted on the above-described 
plastic container can be suppressed and it can be avoided that the appearance of the 
above-described plastic container becomes degraded as well. 

[0049] As described above, the above-described complex particle 7 can contemplate the 
enhancement of the period durability of the fresh food and it has a prevention effect of 
food poisoning by the food in which saprophytic bacteria have grown as well and further, 
it can have an effect of maintaining the freshness of agricultural products such as 
mushroom, fruits or the like. 

[0050] As a result, since the above-described complex particle 7 is excellent in 
antibacterial property and it can avoid the degradation of the appearance, it can be 
preferably used for tray or the like on which food such as fresh food or the like is 
mounted. 
[0051] 

[Effect of the Invention] An antibacterial particle of the present invention is, as 
described above, a particle in which an antibacterial metal ion has been mixed in a slurry 
containing an amorphous calcium phosphate particle and has been granulized. 
[0052] Therefore, since the above-described antibacterial particle has a high 
antibacterial property and it can enhance the mixing property with respect to a resin 
molded product as well and further, it is colorless, it exerts the effect that it is preferably 
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used for a tray or the Like on which food such as fresh food or the like is mounted. 
[Brief Description of the Drawings] 

[Fig.l] Fig, 1 is a schematic diagram showing a spraying dryer used for antibacterial 
particle of the present invention. 

[Fig.2] Fig. 2 is a graphical representation of X-ray analysis showing a composition of 
the above-described antibacterial particle. 
[Description of the Reference numerals] 

1 ACP particle (amorphous calcium phosphate particle) 

2 silver ion (antibacterial metal ion) 

7 complex particle (antibacterial particle) 
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Fig.l 




15 



Fig.2 
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